A large proportion of the Indian population is vegetarian and pulses are important sources of protein in the daily diet .In this paper an attempt has been made to summarize the overall nature of area, production and productivity of mung in India. By and large there has been considerable expansion in area, production and productivity of mung in all the states under study including whole India during the study period. Among the states under study, the maximum annual growth in area (9.75%) and production (14.55%) of mung was observed in Rajasthan. Bihar stands first in productivity of mung among the states under study. Rajasthan, Karnataka and Andhra Pradesh CJAST, 34(1): 1-19, 2019; Article no.CJAST.48240 2 have fails to reach national average per hectare production of 367.37 kg/ha. In this paper an attempt has been made to summarize these measures along with some new measures with an objective to study the yield sustainability of particular crop over the growing regions and compare across the states/regions. Sustainability in yield of mung in different states along with whole India has been measured with the help of existing and proposed measures of sustainability indices. Whole India is showing higher sustainability in yield of mung as per the two existing and proposed methods. According to all the indices including developed two methods Rajasthan is having comparatively lower sustainability to produce mung among the states under study. Results of existing measures and proposed measure are almost in conformity with each other. From the forecasted value, it can be said that, mung productivity of India would increase to 408.84 kg/ha in 2022 as compared to 2012. In Mung, area, production and productivity Rajasthan would be leading state of India in 2022.This projection would be helpful for policy implication and planning.
INTRODUCTION
Agriculture plays an important role in Indian economy, 58% of Indian population depend upon the agriculture and allied sector [1] . About 17.80% (2013-14) Gross Domestic Product (GDP) of Indian economy is contributed by agriculture. In addition to cereals and oilseeds, pulses are one of the important contributors to Indian agriculture. Pulses are popularly known as poor man's meat. Pulses mainly constituted of chickpea, arhar, mung bean, urad bean and lentil etc. Mung is fairly important as a pulse crop in India as it contributes 13.30 percent in area and 9.80 percent in production of total pulses at the country level during 2010-11. It is mainly cultivated as kharif season crop in Andhra Pradesh, Gujarat, Karnataka, Madhya Pradesh, Maharashtra, Orissa, Tamil Nadu and Uttar Pradesh. But, in states of Andhra Pradesh, Bihar, Orissa, Tamil Nadu and Uttar Pradesh, it is also grown in rabi season as a second crop after paddy. The area under spring mung bean has been increased in 2001-02 to 2007-08 [2] . It is also grown as a summer crop in states of Punjab and Haryana. Summer crop is generally sown in March and is harvested in June before the monsoon sets in, thus making the land available for the next paddy crop. [3] made an attempt to compare the ARIMA and GARCH models by using MAPE and MAE for modeling and forecasting of area, production and yield of total pulses in major states of India. In the study they reported that both ARIMA and GARCH models can be used for modeling pulses production in India and superiority of either ARIMA or GARCH could not be establishing emphatically in modeling data of pulses. [4] studied the ARIMA and GARCH models for forecasting the Arhar production and productivity in India. [5] studied the sustainability of gram in India using different measure.
MATERIALS AND METHODS
Based on their relative contributions to Indian Mung basket during 2011, five major states viz. Rajasthan, Maharashtra, Karnataka, Andhra Pradesh and Bihar, along with whole India are considered for the present study. Data related to area, production and yield of mung in five major states along with climatic factors and major fertilizer consumption were obtained from Directorate of Economics and Statistics, India water portal and various issues of fertilizer statistics. To develop models and subsequently to use the best fitted models to forecast the series for the years to come, data for the whole period excepting last three years are used for model building, while data for last three years are used for model validation purpose.
Descriptive statistics are useful to describe patterns and general trends in a data set. It includes numerical and graphic procedure to summarize a set of data in a clear and understandable way. To examine the nature of each series these have been subjected to different descriptive measures. Statistical measures used to describe the above series are minimum, maximum, average, skewness, kurtosis and simple growth rate.
Time series data are often vulnerable to the presence of outlier. The study starts with examination for the existence of outlier. For our study, we employed Grubb's test. Grubb's test is the one of the most popular ways to define outlier, also called as the ESD method (extreme studentized deviate). Grubbs' test is defined for the following hypothesis:
: H
There are no outliers in the data set. Once outlier is detected, one may choose to exclude/replace the value from the analysis or one can go for transformation of data or may choose to keep the outlier. In our study, if only one outlier was detected, it was replaced by the median, which is often referred to as robust (i.e. small variability) in the presence of a small number of outliers and of course it is the preferred measure of central tendency for skewed distributions.
Sustainability Index
1. [6] proposed a sustainability index defined as: This is a good measure of sustainability using both the measures of central tendency as well as measures of dispersion. According to measure, higher the value of the index, higher is the sustainability status. The problem with this index is that, the index doesn't have a definite range. Moreover, in some situations, the index may have negative value.
2. [7] proposed sustainability index based on average performance and the highest ever performance during the period of investigation with the help of the following formula:
In this measure sustainability has been visualized as the minimum deviation of the average performance over highest ever achieved value during the period of investigation. As such, lower the value of the index higher is the sustainability. Thus from sustainability point of view, a sustainability index value closer to zero is the most desirable value. In an attempt [8] proposed the following measures of sustainability which do not require any assumption like the above measures 2-5 which are based on regression technique.
Proposed Method-1 (SI-1)
For any comparison across the treatments, it is essential to have a common estimate of error for sustainability. If individual estimates of treatments are derived for measuring sustainability, they do not provide a tool for comparison between treatments. To full the aspiration of achieving the maximum yield, it is always preferable to compare the yield of treatments with the maximum attained yield (Y jmax ) across the treatments for the j th years. Hence an attempt has been made to compare the mean yield with the maximum yield for estimation of sustainability using robust error term. The developed sustainability index is a function of the estimate of error derived from a regression of yield through maximum yield among the treatments for j Depending on the significance of the effect of maximum yield among the treatments for j th year on i th treatment yield, the error determined would represents estimate of the true deviation than the simple standard deviation. Hence use of detrended error of maximum yield effect would provide a better estimate of sustainability index of a treatment than using simple standard deviation. Thus, it is one step advance measure than the index given by [6] and [9] .
Proposed Method-2 (SI-2)
In this method we have combined the index given by [9] and [8] Whereas in index of [8] Autoregressive: It describes a feedback mechanism that incorporates past observations into the present.
Conditional:
It implies a dependence on the observations of the immediate past.
Heteroscedasticity: Loosely speaking, we can think of heteroscedasticity as time-varying variance.
GARCH is a mechanism that includes past variances in the explanation of future variances. More specifically, GARCH is a time series technique that allows users to model and forecast the conditional variance of the errors. It is used to take into account excess kurtosis and volatility clustering. To formally define GARCH, let ε 1 , ε 2 ,........, ε T be the time series observations denoting the errors and let F t be the set of ε t up to time T, including ε t for t ≤ 0. As defined by [11] , "the process ε t is a Generalized Autoregressive Conditional Heteroscedastic model of order p and q, denoted by GARCH(p, q), if ε t given an information set F t has a mean of zero and conditional variance h t given as
Here the conditional variance h t is the main component of a GARCH model and is expressed as a function of three terms namely: 
ARCH (q):
The ARCH model is a special case of a GARCH specification in which, there is no GARCH terms in the conditional variance equation. Thus ARCH(q)=GARCH(0, q). The process Ɛ t is an Autoregressive Conditional Heteroscedastic process of order q or ARCH(q), if h t is given by
, where q > 0 and α 0 > 0, and α i ≥ 0 for i = 1, . . . , q. Again, the conditions α 0 > 0 and αi ≥0 are needed to guarantee that the conditional variance h t > 0. To carry out the process of parameter estimation, consider the simplest model which is the GARCH (0,1) model, where h t is given by
The parameters α 0 and α 1 can be approximated by maximum likelihood estimation or MLE. The likelihood L of a sample of n observations x 1 , x 2 , . . . , x n , is the joint probability function p(x 1 , x 2 , . . . , x n ) when x 1 , x 2 , . . . , x n are discrete random variables. If x 1 , x 2 , . . . , x n are continuous random variables, then the likelihood L of a sample of n observations, x 1 , x 2 , . . . , x n , is the joint density function f( The (1, 1) in GARCH (1, 1) refers to the presence of a first-order GARCH term (the first term in parentheses) and a first-order ARCH term (the second term in parentheses). We can interpret the period's variance as the weighted average of a long term average (the constant), the forecasted variance from last period (the GARCH term), and information about the volatility observed in the previous period. 
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RESULTS AND DISCUSSION

Per se Performance of Mung in India
Mung is the 3 rd most important pulse crop grown in India. rd of area sown under mung during the study period. Rajasthan reported the maximum growth rate of 9.74 percent per annum among the states under study. From a mere of 170.70 thousand hectare of area it has reached to 1272.23 thousand hectare in 2011. Positive kurtosis along with right skewed nature of Rajasthan area under mung indicates that maximum shift in area has taken place at the early stage under study and remained almost same in latter half. In Maharashtra, area under mung varied from 296.00 thousand hectare to 798.00 thousand hectare thereby registering a very minute growth rate of 0.01 percent per year during the study. Both the negative value of skewness and kurtosis indicates that a steady change in mung area has taken place during the latter half of period under study. In case of Andhra Pradesh, area under mung shows negative growth rate of 1.03 percent per annum may due to shift in cultivation of mung to other competitive high yielding crops. Leptokurtic nature coupled with negative skewed value indicates that maximum shift in mung area of Andhra Pradesh has taken place during recent year under study. Karnataka and Bihar with an average area of 247.19 and 168.72 thousand hectare reported a growth rate of 6.34 percent and 1.20 percent per annum respectively. Platykurtic nature followed by positive skewness in case area under mung in Karnataka indicates marginal shift in area has taken place during early period under study and remained almost same during latter half. Area under mung in case of Bihar has positive kurtosis and left skewed nature reveals that there is sweeping change in area during recent years under study.
The effect of expansion of area is clearly visible in the production scenario of mung. For whole India, with a mere 524.00 thousand tonnes in 1972 it has reached to 1800.22 thousand tonnes in 2010, registering a growth rate of 3.17 percent per annum. The average mung production being 1084.47 thousand tonnes coupled with platykurtic and right sided skew nature clearly indicates that there has been steady changes in mung production during early period under study and remained almost same thereafter. State wise figures indicates that, there is a drastic improvement in Rajasthan mung production, with a just 10.50 thousand tonnes of production it has reached to 652.53 thousand tonnes there by registering a growth rate of 14.55 percent per year. This could be possible mainly because of increase in area by 9.74 percent per year. Positive value of kurtosis combined with positive skewness reveals that maximum changes in mung production has taken place during early period and remained almost same in latter half. Although with average production of 231.25 thousand tonnes, Maharashtra stands first in mung production among the states under study; maximum production figure and growth rate was noticed in Rajasthan during the study. The Maharashtra registered an annual growth rate of 3.89 percent per year mainly because of improvement in per hectare production (3.86 % per year). A noticeable improvement of mung production can be seen in case of Karnataka, with a only 10.00 thousand tonnes of production it has reached to 202.20 thousand tonnes thereby registering the annual growth rate of 6.77 percent. Positive nature of kurtosis and skewness reveals that improvement has taken place during early period under study. Comparatively minimum growth rate was reported in case of Andhra Pradesh. On an average Bihar has supplied 85.84 thousand tonnes of mung to Indian mung basket. Bihar is the only state showing negative skewness coupled with negative kurtosis which clearly reveals that there has been marginal shift in production in recent year under study. . Surprisingly, Rajasthan and Karnataka had higher shares in area but due to dismal performance in the yield, their proportion in production is very less compared to other states. In spite of all these improvements within states, Rajasthan, Karnataka and Andhra Pradesh with a average production of 246.67 kg/ha, 277.49 kg/ha and 357.46 kg/ha respectively has fails to reach national average per hectare production of 367.37 kg/ha indicating the dependency of major states on area for production. As now a day's area is one of the most limiting factors of production and due to ever increasing population and urbanization, expansion in area would not be possible. Hence utmost care should be taken to improve the per hectare production of mung.
Test of Outliers and Randomness for Area, Production and Productivity of Mung
Having an idea about area, production and productivity scenario of mung in major growing states as well as for whole India, it is now our objective is to study the pattern of growth of all these parameters. Before getting the trends in all the series, it is better to have idea about each and every series, whether the series exhibit any trend or followed a randomness nature. Before performing the test of randomness the series under consideration are subjected to test of outlier as described in materials and methods section. The results of both the test of randomness and that of outlier are presented in From the test of randomness, one can see that except area and productivity of mung in case of Bihar, all other data series are random in nature.
In spite of having clear cut trends in area and productivity of mung in Bihar, production series fails to have clear cut trend which may be due to lack of modern technology to sustain mung production, so as to reap the benefit of both increased area and yield. By considering the overall results of test of randomness, there is no clear cut policy for maintain the mung production sustainably in India or if policy exist, it has failed to reach the farmer. One cannot ignore the minor variation in production scenario between the two consecutive years due to factors beyond the control of human. Hence appropriate policy should be made to avoid these fluctuations and to sustain the mung production. 
Sustainability Analysis of Mung Productivity
Sustainability in yield of mung in different states along with whole India has been measured with the help of sustainability indices which are already in literature and by using proposed two methods i.e., SI-1 and SI-2 as described in the materials and methods section. From the 
Modeling and Forecasting
After testing the each and every series for presence of outlier, randomness our next task is to forecast the series for the year to come. For this purpose we adopted the [10] ARIMA and GARCH for the data series of area and ARIMA, GARCH and ARIMAx techniques for the data series of production and yield under various crops under study as discussed in the materials and methods section. In the first step, if outlier/s is detected in the data series, it is made free from outlier using suitable measure as mentioned in the material and methods section. Once the data series is made free from outliers, each and every series are examined for stationarity condition through ADF, KPSS test Whole data series is divided into two parts, one is model building and another part, used for model validation in all the forecasting techniques used.
For each and every data series various ARIMA models has been fitted. Among the significant competitive models, best model is selected based on minimum value of AIC, BIC, ME, RMSE, MAE, MPE, MAPE and maximum value of R
2
. Best fitted models are put under diagnostic checks through Ljung-Box test; In modeling the data series using GARCH, first the data series is checked for presence of heteroscedasticity. Various GARCH models are fitted; best GARCH model is selected in similar way as in case of ARIMA. In ARIMAx, first all the independent variables which are contributing significantly (stepwise regression) to the crop production are modeled individually and forecasted up to 2022 using ARIMA technique. Then these forecasted values are used as independent/auxiliary variables in the ARIMAx models, various ARIMAx models has been fitted. Among the various competitive ARIMAx model, best model is selected by following the same procedure mentioned above. Among the best ARIMA, GARCH and ARIMAx model, one model has been selected based on minimum value of AIC, BIC, ME, RMSE, MAE, MPE, MAPE and maximum value of R 2 and the forecasting has been made up to 2022 using the best among the ARIMA, GARCH and ARIMAx models. The crop wise results of the modeling and forecasting exercise are presented in this section.
Modeling and Forecasting of Area under Mung
Results of stationarity test of area, production and productivity data series of mung in major states of India are presented in the Table 4 . From the table one can find that both KPSS and ADF test for the data series of area under mung rejected the hypothesis of stationary data. First order differencing was necessary for all the series under study to make it stationary. After achieving stationarity, various ARIMA models are tried for each series and only best models among the competitive model for each series is selected. On the other hand various GARCH models have been fitted and best GARCH model for each series is selected and presented in Table 5 . Developed models are also put under diagnostic checking through Ljung-Box test of residuals (Table 5) . Table 5 ). The selected models are also validated for accuracy using last three years and observed that the actual and predicted values are in range ( (Fig. 1 ).
Modeling and Forecasting of Mung Production
From stationarity test for the production series of mung, it is observed that, all the data series are non-stationary in nature ( Table 4) . The nonstationary data series are made stationary by first order differencing. After achieving stationarity, various ARIMA model are tried for each and every series, the significant model which satisfies the maximum criteria of minimum value AIC, BIC, ME, RMSE, MAE, MPE, MAPE and maximum value of R 2 are selected as best ARIMA model and presented in Table 5 . From the table, it is clear that ARIMA (0,1,2) for Karnataka and Bihar; ARIMA (1,1,2), ARIMA (3,1,2), ARIMA (2, 1, 3) and ARIMA (4,1,4) for Rajasthan, Maharashtra, Andhra Pradesh and whole India respectively are found to be best fitted ARIMA model for modeling mung production. Similarly, among the various GARCH models, GARCH (1) is found to be best fitted for modeling mung production in all states including whole India. In ARIMAx, first all the independent variables which are found to contribute significantly to mung productivity are modeled and forecasted up to 2022 using ARIMA technique (Fig. 3) . Then these forecasted values are used as independent variables in the ARIMAx model. As in case of ARIMA and GARCH, here also best ARIMAx model has been selected based on minimum value of various error criteria and maximum value of R 2 . From the Table 4 .4.3.B1, it can be noted that ARIMAx (0,1,2) for Karnataka and Bihar; ARIMAx (4,1,2), ARIMAx (2,1,2), ARIMAx (1,1,2), ARIMAx (4,1,3) for Rajasthan, Maharashtra, Andhra Pradesh and whole India respectively are the best ARIMAx models among the various competitive ARIMAx models for modeling mung production. The results of Ljung-Box test of residuals also reject the presence of significant auto correlation in the residuals of the best fitted ARIMA, GARCH and ARIMAx model (Table 5) . 
Fig. 2. Observed and forecasted mung production ('000 tonnes) using best selected model in India
By using the same error and R 2 criteria, best among the best selected ARIMA, GARCH and ARIMAx models has been selected. From the Table 5 , for modeling mung production, except for Maharashtra and Bihar for all other states and whole India, best fitted ARIMA model outperformed the GARCH and ARIMAx model where as in case of Maharashtra and Bihar ARIMAx model over takes ARIMA and GARCH. From the Fig. 2 , it can be noted that the observed and predicted values are almost close in all the states except for mung production series of Rajasthan. The selected models are also validated for accuracy by using last three years data and observed that the actual and predicted values are in range (Table 6 ) for all the states including whole India expect for Rajasthan. From the forecasted figures, it can be seen that mung production would increase marginally in 2022 as compared to 2012 in all the states expect Rajasthan and Andhra Pradesh which has shown tendency to decrease its production capacity in future.
Modeling and Forecasting of Mung Productivity
From the stationarity tests for the series of mung productivity, both the ADF and KPSS test rejects the hypotheses of stationarity (Table 4) i.e., mung productivity of all the states under study is non stationary in nature. First order differencing was necessary to make it stationary. After achieving stationary, we proceeds in similar way as in case of production and selected best ARIMA, GARCH and ARIMAx models for all the states under study and results of the same is presented in the Table 5 . From the Table 5 , for mung productivity in Maharashtra and Karnataka ARIMA (3,1,2) is found to be best ARIMA model; while ARIMA (4,1,2), ARIMA (3,1,3), ARIMA (1,1,2) and ARIMA (1,1,1) are found to be best fitted ARIMA model for Rajasthan, Andhra Pradesh, Bihar and India respectively. On the other hand, mung productivity in Maharashtra, Karnataka and whole India is bested fitted with GARCH (1) model whereas data series of mung productivity for remaining states are found not to have GARCH effect. In similar fashion, best ARIMAx model among various competitive models are also been selected for all states productivity series of mung under study. From the Table 5 , it can be noted that among the various ARIMAx models, ARIMAx (1,1,2) for Andhra Pradesh and Bihar; ARIMAx (4,1,2), ARIMAx (2,1,2), ARIMAx (3,1,2), ARIMAx (4,1,3) for Rajasthan, Maharashtra, Karnataka and whole India respectively are found to be best fitted ARIMAx model for modeling productivity of mung in respective states. The residuals of all the best selected models of ARIMA, GARCH and ARIMAx are put under Ljung-Box test (Table 5) and results revealed that there is no significant auto correlation for residuals in the all the cases. . For modeling mung productivity in Rajasthan, Maharashtra, Karnataka and Bihar ARIMAx models are found to be best than ARIMA and GARCH while in case of Andhra Pradesh and whole India ARIMA is found to be the best model. The selected best of the best models are validated by using recent three years data ( Table 6 ) and found that predicted values are close to actual values for Rajasthan, Karnataka and Bihar during validation periods. In other hand, models have failed to catch the sudden changes in mung productivity of Maharashtra, Andhra Pradesh and whole India during the validation period. The forecasted figures indicate that, mung productivity would increase marginally in Rajasthan and Bihar whereas remaining all the states under study including whole India has tendency to loss their present capacity to produce mung in future. Even though, in India forecasted figures for mung area and production would increase marginally in future, this increase in production is no match with projected demand for 2022 which is 2840 thousand tonnes (Singh, 2013) . Hence, for the food and nutritional security of huge population, India needs to arrest the tendency of decrease in productivity.
CONCLUSION
Thus from the study of area, production and productivity of mung the following salient features are emerge out:
1. By and large there has been considerable expansion in area, production and productivity of mung in all the states under study including whole India during the study period. Among the states under study, the maximum annual growth in area (9.75%) and production (14.55%) of mung was observed in Rajasthan.Bihar stands first in productivity of mung among the states under study.Rajasthan, Karnataka and Andhra Pradesh have fails to reach national average per hectare production of 367.37 kg/ha. 2. In case of area, production and productivity of mung for selected states and whole India, none of the series is found stationary and hence first order differencing is done to achieve stationarity. For modeling and forecasting mung area, ARIMA models are found to be best compared to GARCH for all the states under study including while whole India.Except in Maharashtra and Bihar, ARIMA models overtakes the GARCH and ARIMAx for modeling mung production.In maximum cases of mung productivity series under study, inclusion of independent variable in ARIMA models has given better result than univariate ARIMA and GARCH. Forecasted figures indicate that, area and production of mung would increase marginally in India whereas productivity has tendency to decrease in future.
